A numerical model, called the interaction energy projection method (IEPM), is suggested to evaluate electronic similarity among protein-ligand complexes. Herein we apply the method by referring to the "inter-fragment interaction energy (IFIE)," calculated using the fragment molecular orbital (FMO) method, in two human estrogen receptor complexes.
Introduction
Search for functional molecules is one of the most important and challenging issues in applied chemistry. It is also true in pharmaceutical science which demands the discovery of molecules bound to target proteins [1] . For systematic and efficient molecular search, development of quantitative measures of protein-ligand complexes seems demanded.
In this paper, we propose a method describing the amino acid residue (AAR)-ligand interaction, which is called "Interaction Energy Projection Method (IEPM)." By using this method, we can quantitatively compare similarity/ dissimilarity among protein-ligand complexes. In the present implementation, we refer to the "inter-fragment interaction energy (IFIE)" between AAR-ligand pairs calculated using the fragment molecular orbital (FMO) method developed by Kitaura et al. [2] . Therefore, the similarity evaluated in this paper can be called "electronic similarity" reflecting the electronic interaction in the complexes.
Herein we use the IFIE data at the MP2/6-31G* level recently calculated by Anzaki et al. on the human estrogen receptor α with the Y537S mutation (hERα/Y537S in Figure 1 (a)) [3] . We evaluate the electronic similarity between 
3D Description of Protein-Ligand Interactions
The IEPM method is decomposed into three steps: (A) threedimensional description of the reference and target complexes, The algorithm in Step (A) mentioned above is as follows:
(A1) the origin of the coordinate is taken as the geometric center of the ligand in the ER-ligand complex.
(A2) The IFIE is projected onto a sphere with a radius of R (5000 Å in the present study).
(A3) The position of each AAR is represented using the polar coordinate (r, θ, ϕ) of its Cα atom. 
Orientation Adjustment for Similarity Analysis
In order to have maximum overlap between two PIPs, we adjust their mutual orientations using the following algorithm:
(B1) Initially, the 10 4 sampling points are randomly generated on the mapped surface.
(B2) The number of sampling points near a peak is determined to reflect its height: when the IFIE value is 3UU7 is shown in Figure 2 (e). These two figures indicate that the present procedure is reasonably good.
Electronic Similarity
The electronic similarity among the protein-ligand complexes is evaluated using the following algorithm:
(C1) The IFIE value is plotted with respect to θ and ϕ where the reoriented PIP is referred to. This process generates figures as shown in Figure 3 .
(C2) The electronic similarity S is calculated by using the following integral: The calculated value of S between 2QA6 and 3UU7 was 63.0% in the present method. This is not so high although the complexes are known to exist experimentally. The unexpectedly small value may be due to the fact that, although the AAR giving the most intense peak in 2QA6 and 3UU7 is common, the IFIE in 3UU7 is about 1/2 of that in 2QA6.
This implies that, although a sufficiently strong binding site is necessary, the multi-site interaction should also play an important role.
Summary and Conclusions
We have developed a numerical method called the interaction energy projection method (IEPM) in order to compactly describe electronic AAR-ligand interactions in protein-ligand complexes. The present method facilitates numerical evaluation of electronic similarity in the complexes.
It is expected that important patterns in the complexes will be found through systematic applications of the present method.
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